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Abstract 
This article presents some results concerning the electrochemical detection of mercury in 
different aqueous solutions, using the following electrodes: platinum-disk electrode 
(PDE), carbon paste electrode (CPE) and glass carbon electrode (GCE). Using the voltam-
metric technique applied on the above mentioned electrodes, the experimental conditi-
ons were established in order to obtain the maximum current peaks, in terms of the best 
analytical characteristics for mercury analyses. The dependence equations of cathodic 
current intensity on the scan rate were established in the case of mercury ion discharge 
in each prepared solution of 0.984 mM HgCl2 in different electrolyte background: 
0.1 M KCl, 0.1 M H2SO4 and 0.9 % NaCl. Among the three investigated electrodes, the 
carbon paste electrode presented the highest detection sensitivity toward mercury ions 
in the aqueous solution. It was observed that, at a low scanning rate, the pH had an insi-
gnificant influence over the current peak intensity; however, the quantification of this in-
fluence was achieved using a quadratic polynomial equation, which could prevent the er-
rors in mercury detection in case of industrial waste stream pH changes. The calibration 
curves for mercury in 0.9 % NaCl solution and in the tap water respectively were carried 
out. 
Keywords 
Cathodic linear voltammetry; platinum electrode; carbon paste electrode; glass carbon 
electrode; mercuric ion; flow electrochemical cell. 
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Introduction 
The ubiquitous presence of mercury in the environment is due to both natural geological 
activities as well as due to increasing anthropogenic pollution. Because of its unique electronic 
configuration, mercury behaves similarly to noble gas elements, but the physical and chemical 
properties of mercury such as high surface tension, high specific gravity, low electrical resistance, 
and a constant volume of expansion over the entire temperature range in liquid state can rapidly 
transform this element into a hazardous air pollutant [1,2].  
The Water Framework Directive (2000/60/EC) classified mercury as a priority hazardous 
substance, establishing that from 2015, no more mercury from production processes can be 
discharged [3, 4]. 
Mercury exists in a large number of forms, i.e. as “elemental” Hg(0), monovalent or divalent 
mercury Hg(I) and Hg(II), and in inorganic and organic compounds. Metallic mercury Hg(0) and 
most mercury  compounds present high toxicity, acting as a bioaccumulative neurotoxin [5,6]. 
Mercury ions are strongly adsorbed by soils or sediments in acid medium and are slowly 
desorbed, due to the content of clay minerals and/or organic matter, which are responsible for its 
behavior. The reaction products resulting from the methylation of inorganic mercury forms impose 
a significant risk to humans and wildlife due to tendency to accumulate in the food chain, and their 
ability to act as neurotoxins [6,7]. Exposure to various forms of mercury will harm human health. 
Moderate and repeated exposure to organic forms (lower than a few mg m-3 Hg, but higher than 
0.05 mg m-3 Hg) causes symptoms of poisoning such as: lack of coordination of movement, 
impairment of peripheral vision, speech, hearing or walking as well as muscle weakness. Inhaled or 
physical contact with inorganic forms cause: tremors, emotional or neuromuscular changes, 
insomnia, headaches, disturbances in sensation, changes in nerve responses, and performance 
deficits on tests of cognitive function. With prolonged or high concentration exposure, kidney 
effects, respiratory failure and death may occur [8,9].  
Mercuric chloride (HgCl2) is used as a depolarizer in electric batteries and as a reactant in 
organic synthesis and analytical chemistry [10]. The presence of this element in different 
environmental components could be considered as harmful to human health well environmentally 
dangerous due to the mercury content. 
Taking into consideration all the above mentioned aspects, the detection of mercuric ion has 
become a priority for environmental safety and human health. The determination of trace 
amounts of mercury, has led to some analytical problems because it can be found in several 
chemical forms [11]. For an accurate determination of mercury at trace and ultra-trace levels, 
analytical methods with high sensitivity and selectivity are needed. There are a number of 
analytical methods for mercury detection which require expensive instruments, well-controlled 
experimental conditions, sample preparation and relatively large sample volumes [12]. 
Electrochemical detection of trace metals offers important advantages, such as remarkable 
sensitivity, inherent miniaturization and portability, remote monitoring and decentralized 
measurements, low cost and compatibility with turbid samples [13,14]. Therefore, electrochemical 
methods are less costly and require no sophisticated equipment. 
Chemically modified electrodes have received increasing attention, which has led to 
improvements in the sensitivity and selectivity of electrochemical analysis techniques in the recent 
decades. The determination of Hg(II) ions using chemically modified electrodes has been investi-
gated recently, using plants [14], gold film [15], polymer films [16] or organic compounds with 
chelating groups [17]. 
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The behavior of electrodes has also been studied using modified a carbon paste electrode [18], 
modified glass carbon electrode [17] or modified gold nanoelectrode ensembles [19]. 
A relatively recent review of electrochemical sensors and detectors has been done by Bak-
ker [20], characterizing this area of research as being one of the most fruitful and interdisciplinary 
areas of research in analytical chemistry. A recent paper by Pujol [21] analyzed the actual state of 
art concerning the sensors and devices for heavy metals detection in water, but the mercury 
detection from environmental samples was not studied in details.  
For this reason in this study it was investigated the cathodic discharge of the mercuric ion on 
different type of electrodes such as: platinum-disk electrode, carbon paste electrode and glass 
carbon electrode, in respectively different aqueous solutions (0.1 M KCl, 0.1 M H2SO4, 0.9 % NaCl) 
by the voltammetric method in order to find the most suitable conditions for analytical purpose. 
 
EXPERIMENTAL 
In order to simulate the wastewater from the industrial stream, aqueous solutions of HgCl2 in 
0.1 M H2SO4 at a pH value of 0.99, 0.9 % NaCl at a pH value of 5.66 and 0.1 M KCl at a pH value of 
7.43 was prepared, using analytical purity reagents and double distilled water. The investigation of 
mercury behavior in these solutions was carried out using voltammetric measurements [22-26] 
with the above mentioned electrodes (GCE, CPE and PDE) individually. These electrodes play the 
role of working electrode (WE) in a flow electrochemical cell (as is presented in Fig. 1) through 
which the samples from the industrial stream are passed using a peristaltic pump. A saturated 
calomel electrode (SCE) was used as the reference electrode (RE), while a platinum electrode was 
used as the counter (auxiliary) electrode (CE) at the temperature of 25 °C. Also, pH and tempera-
ture sensors were located in the electrochemical cell in order to provide corrections in the case of 
possible changes in the above mentioned parameters which should be kept constant at the same 
values as were used during the calibration procedure.  
 
Figure 1. Experimental setup for study of the voltammetric detection of mercury in aqueous solution 
The pH corrections were achieved using software (the pH dependence of the current peak was 
determined by a simple equation), while the temperature corrections were first achieved by the 
thermostatic system for sample processing and finally by the software corrections for the fine pH 
adjustments. 
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The voltammograms were recorded using the potentiostat VoltaLab 32 (Radiometer Analytical) 
[27-29] after stopping the flow of liquid samples through the electrochemical cell (using a solenoid 
mini-valve) and nitrogen bubbling in the investigated solutions, in order to remove the dissolved 
oxygen. 
The investigated electrodes were used as purchased from Radiometer Analytical, except for the 
carbon paste electrode, which was prepared according to methods previously presented in the 
literature [30-31]. The electrode surfaces were: 3.14·10-2 cm2 for PDE; 7.07 10-2 cm2 for GCE and 
19.63 10-2 cm2 for CPE. 
Results and discussion 
In Figures 2, 3 and 4, the cathodic linear voltammograms are presented, corresponding to the 
reduction of Hg2+ on the PDE (Φ = 2mm) at different scanning rates in different aqueous media. 
 
  
Figure 2. Linear cathodic voltammograms  
on PDE in 0.1 M H2SO4 aqueous solution  
recorded at different scanning rates 
Figure 3. Linear cathodic voltammograms on PDE  
in 0.1 M KCl aqueous solution recorded  
at different scanning rates 
  
Figure 4. Linear cathodic voltammograms on PDE in 
0.9 % NaCl aqueous solution recorded at different 
scanning rates. 
Figure 5. Linear cathodic voltammograms of mercury 
ion discharge on PDE in different solutions at 
constant scanning rate of 50 mV s-1 
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Concerning the electrochemical behavior of mercuric ions in the three different aqueous 
solutions shown in Figures 2-4, it was observed that there was a simultaneous increase in PDE 
sensitivity with the scanning rate, at a concentration of 0.984 mM, as was expected. 
This behavior leads to the following dependence equations for the cathodic peaks, which 
express the discharge of the mercuric ion on the platinum electrode, in all investigated solutions: 
a. 0.1 M H2SO4: I = -2.114 – 0.058 v + 3.474×10
-5 v2 (R = 0.99952)  (1)  
b. 0.1 M KCl: I = -4.285 – 0.072 v + 2.168 ×10-5 v2 (R = 0.99757)  (2) 
c. physiological serum (0.9 % NaCl): I =-6.815 - 0.140v - 6.611×10-5 v2 (R = 0.99827)  (3) 
where: I = intensity current (mA), v = scanning rate (mV s-1), R = correlation coefficient  
According to the experimental results, it was noted that the highest sensitivity of PDE was 
obtained in physiological serum, followed by the solution prepared based on sulfuric acid and 
potassium chloride, respectively (Figure 5). 
 
  
Figure 6. Linear cathodic voltammograms on CGE in 
0.1 M H2SO4 aqueous solution recorded at different 
scanning rates. 
Figure 7. Linear cathodic voltammograms on CGE in 
0.1 M KCl aqueous solution recorded at different 
scanning rates 
  
Figure 8. Linear cathodic voltammograms on CGE in 
0.9 % NaCl aqueous solution recorded at different 
scanning rates 
Figure 9. Linear cathodic voltammograms of 
mercury ion discharge on GCE in different aqueous 
solution at constant scanning rate of 50 mV/s 
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Figures 6-8 present the cathodic linear voltammograms for each of the aqueous solutions 
recorded on the GCE at different scanning rates. 
In this case, the following dependence equations for the cathodic peak were established, which 
express the discharge of the mercuric ion (0.984 mM) on the platinum disc electrode, in all three 
investigated solutions: 
a. 0.1 M H2SO4: I = -5.7573 - 0.06488+1.3139×10
-4 v2 (R = 0.99404)  (4) 
b. 0.1 M KCl: I = -11.895 - 0.239 v + 1.079×10-4 v2 (R = 0.998)  (5) 
c. physiological serum (0.9 % NaCl): I = -3.745 - 0.347 v + 1.355×10-4 v2 (R = 0.99918)  (6) 
where: I = current intensity (mA), v = scanning rate (mV s-1), R  =  correlation coefficient  
In accordance with the Figure 9, the sensitivity of the GCE toward the mercuric ion was highest 
in KCl aqueous solution and lowest in sulfuric acid. 
The entire cathodic process of mercuric ion discharge on the CPE in all of the three investigated 
solutions is presented in detail in linear voltammograms (Figures 10-12). 
 
  
Figure 10. Linear cathodic voltammograms  
on CPE in 0.1 M H2SO4 aqueous solution recorded  
at different scanning rates. 
Figure 11. Linear cathodic voltammograms on  
CPE in 0.1 M KCl aqueous solution recorded  
at different scanning rates 
  
Figure 12. Linear cathodic voltammograms on  
CPE in 0.9 % NaCl aqueous solution recorded  
at different scanning rates 
Figure 13. Linear cathodic voltammograms of 
mercury ion discharge on CPE in different solutions 
at constant scanning rate of 50mV s-1 
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Data obtained using the CPE revealed the same behavior as with the GCE regarding higher 
sensitivity, as follows: 0.1 M KCl, physiological serum and 0.1 M H2SO4 (Figure 13). 
The measurements performed on the CPE, in each investigated solution led to the following 
equations: 
a. 0.1M H2SO4: I = -38.137 - 1.282 v + 9.944×10
-4 v2 (R = 0.99581)  (7) 
b. 0.1 M KCl: I = -80.923 - 2.168 v + 1.27×10-3 v2 (R = 0.99808)  (8) 
c. physiological serum (0.9 % NaCl): I = -34.086 - 3.25 v + 2.23×10-3 v2 (R=0.99867)  (9) 
where: I = current intensity (mA), v = scanning rate (mV s-1), R = correlation coefficient  
These equations point out the dependence of the current intensity (corresponding to the 
discharge of mercuric ions in aqueous solutions at a concentration of 0.984 mM HgCl2) on scanning 
rates. 
Increasing the scanning rate during investigations into mercuric ion discharge for each studied 
electrode in the aqueous solutions led to a change in the cathodic potential values, which were 
shifted to negative values, suggesting a quasi-reversible process. 
Among the electrodes used in this study, the carbon paste electrode was the most sensitive 
with respect to the cathodic discharge of mercuric ions in all the investigated aqueous solutions. 
Taking into consideration this aspect, the pH dependence of the current peak (Figure 14) and the 
calibration curves (Figure 15) in the NaCl solution and tap water, respectively, were presented only 
for the CPE. 
 
  
Figure 14. Influence of solution pH on the cathodic 
peak on CPE in 0.9 % NaCl aqueous solution 
recorded at two scanning rates 
Figure 15. Calibration curves for determination of 
HgCl2 using CPE in 0.9 % NaCl aqueous solution and 
tap water, respectively 
 
As presented in Figure 14, a low pH dependence of the current peak was observed for a 
scanning rate of 50 mV s-1, but if this value was multiplied by three fold, the dependence became 
more evident, especially in the acidic region. These equations are presented as follows: 
I50 = -0.12847 - 0.09001 pH + 0.00774 pH
2 (10) 
I150 = -0.10381 - 0.0407 pH + 0.00419 pH
2 (11) 
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The calibration curves presented in Figure 15 pointed out an approximately linear dependence 
for both calibration curves, which are separated into two regions. However, these calibration 
curves could be very well fitted following quadratic polynomial equations: 
X = -lg[HgCl2] 
INaCl = -242.414 + 257.620 X - 102.678 X
2 + 18.175 X3 - 1.205 X4  (12) 
Itap water = -121.207 + 128.825 X -51.339 X
2+9.087 X3 - 0.602 X4  (13) 
The decreased sensitivity of the voltammetric method for mercury detection in real samples 
(tap water provided from the Iasi drinking water treatment plant) was evident, but the analytical 
signal was sufficiently high to be discriminated from the global noise determined in such a 
complex matrix.  
The response limit of the concentration peak for Hg (II) detection was in the range of 10-5 M to 
10-3 M. The optimal operating conditions were established after a period of three minutes of 
preconcentration. 
Conclusions 
The following conclusions can be drawn for the voltammetric studies regarding the behavior of 
mercuric ions in the presence of different supporting electrolytes in aqueous solutions using 
different electrodes: 
 The cathodic discharge of mercury ions from HgCl2 aqueous solutions in different electro-
lyte support media such as 0.1 M KCl, physiological serum (0.9 % NaCl), and 0.1 M H2SO4, 
using different electrode materials (platinum, glass carbon and carbon paste) was eviden-
ced by a relevant current peak, whose height (in terms of the analytical method sensitivity) 
is dependent on the potential scanning rate; 
 The cathodic discharge of mercuric ions, in all investigated aqueous solutions, was a slow 
and quasi-reversible process, on all three of the investigated electrode materials; 
 The best electrode was the carbon paste electrode, in terms of the sensitivity toward 
mercuric ions, in concordance with the equations describing the dependence between the 
cathodic peak intensity and the potential scanning rate. It was pointed out that the CPE 
presented the highest detection sensitivity toward mercuric ions in an aqueous solution, 
working in a wide pH range and having a short response time. Besides these aspects, the 
CPE is very easily prepared and has good reproducibility and repeatability for mercury 
analysis, which recommend it for this analytical application; 
 Based on the results, a miniaturized voltammetric flow cell will be developed as an 
integrated component of the equipment used for mercury detection/monitoring in 
industrial waste streams. Based on the mercury detection capacity, a warning system will be 
designed to avoid mercury discharge into surface waters in the case of accidentally 
increasing the mercury concentration. 
 Due to the increased capacity for mercury detection by this proposed monitoring system, 
based on a voltammetric method and an electrochemical flow cell, its versatility could be 
extended using some auxiliary equipment to other environmental components such as air 
and soil. 
 At low scanning rate, the pH had an insignificant influence over the current peak intensity in 
the case of the CPE in 0.9 % NaCl solution. 
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 In order to avoid errors in mercury detection in cases of industrial stream pH changes, the 
quantification of the pH influence was achieved using a quadratic polynomial equation. 
 The calibration curves for mercury in a 0.9 % NaCl solution and in tap water had similar 
shapes (which could be divided into two linear sections) but with decreased the sensitivity 
in tap water. 
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